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The stablllty*of selected 1nd1ces for detect1ng d1ffer-a}'

| ent1a1 item performance (1tem blab)/ from one rgndoml§ equl-'

'"valent sample tOragpther,_ls addressed SSme recent're-

‘.
-

search has cr1t1clzed these 1nd1ces as toq unrellable for,f

utlllty 1n measurlng b1as 1n achlevement test 1tem\\ Us1ng

’data from a natronal testlng of the ACT Assessment however,

2

th1s study suggests that the rellablllty of the 1nd1ces 1s_

"s1tuat;on-spec1f1c B1as detectlon 1nd1ces may be V1ewed as~'.

o~

Kmost rellable in testlng s1tuat10ns that 1nvolve large sam-

k

'ple slzes and some 1tem heterogene1ty A preference is. also_de

‘stated for assess1ng rel;ablllty based on s1gned rather than'

’ .
D

uns1gned‘}nd1ces,' o _ R ' ﬂ' o T



- .
—*
- . : o . o +

THE RELIABIL@TY'OF MEASURING DIFFERENTIAL ITEM
PERFORMQNCE . : a

Stat1st1cal procedures for detectlng d1fferent1al item
T
'performance, or 1tem b1as, have been stud1ed extens1vely

.)' %

fdurlng the past ten years (see“Rudner, Getson,r& Kn1 ht
1980a, Shﬁpard 1981) Most of th;s research has addressed

”tbe very 1mportant butuelus1ve 1ssue 6% va11d1ty for the

oy «

varlous procedures _ The rellablllty of rtem bgas proce—"‘
_dures,«however, has not been thoroughly exam1ned.' After a

review of'the llterature, Ironson (1982) suggested that more

' information'on the reliability.of various bias 1nd1ces‘was '
: . . v. R ,' - a T ° N i ’

.needed i .

: Kolen and Hoover (1982) spec1f1cally addressed the re=~
llablllty 1ssue in the1r recent work ' U51ng 1tem responses
nof f1fth grade students on the Iowa Tests of Basic . Skllls
I(ITBS),Athey found s1x "uns1gned" procedures to have very
vllttle rellabldlty (stab111ty from ohe randomly equlvalent

.

-fgroup to another) for detect1ng b1as w1th sample slzes of

‘200 per group Med1an rellab111t1es ‘across the subtests of o

the ITBS ranged from_ 06 to 24 for .the varlous 1nd1CES

5 !
©

’Thelr hlghest rellabllltles, most between 2" and 5 were

found w1th language arts subtests ‘fvv‘ ."'T.* "'4;'

e o

The low rellabllltles found by Kolen an\_Hoover, howev-

er, do not ﬁuggest that b1as 1nd1ces are’ un1versally unrell-

‘-..

s ' — co IR S

-',.'b' -ﬂ‘ ' - (S . S - . . ' . PR - » L \‘ )
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able._ Certainly factors, such as item type, sampled popula~

A &

tion,‘utilized sample Sizes, and type of index (s1gned or-\

uns1gned) may have contributed to their results.' The ITBS

tis a well edit'd battery of achievement tests, closely tied

1'

‘to the baSlC academic skills for each grade level Conceiv—':

ably,‘tests~that are'not as.closely tied to speCific curri-
- Lo T S o
cula might consist of more,heterOgeneous_items that  could

- ’
-

lead4tohmorevinstances‘ofvdifferential item performance;

. ot v . . . t ) 4 . . . o
greater levels of reliability_and,‘consequently, greater po;-

E

,tential'dtility for bias indices"

1Y

*Sample siée; too, can have a cons1derable effect. on obw

. .

&served reliabilities. In their concluSion, Kolen and Hoover fg{

T - "~
-

fsuggested that if bias indices are to be useful fésearch is:.

% o

»needed to determine the sample Sizes necessary for stable

'results. ;' _ e ) ot . o

- N
s

Another cons1deration is whether s1gned or. uns1gned

‘e

item bias indices (Ironson & SubkoViak, 1979) are,used, ‘Ko-

" 1

len and Hoover emphasized the unsigned versions in their-re-

’.

=search "since item screening, as usually conceived; in-

Qi
voives eliminating items biased against any group™ (p" 3)..
This is not an illogical pos1tion from a test development

‘standeint Howemer, unSigned bias statistics do not take

A
advantage of aliravailable information (the direction of the

‘. \ B .
"biasﬁ) as do;signed indices. The reSuLtliS'unnecessarily

L
Ce

low'estimates of reliability.
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o Ob]ectlves e ”:f' '; P
The maJor objectlve'of th1s research waS‘to examlne the

v .
issue of rel%able detect10n~of ;temfblas, as 1t»appllesvto
v R ,.4.‘ g . . : ‘,‘l ;, ‘ R o . . v ‘ . v/’, N . .
race, usdng- R L"‘ g;V« , -“.f 7"” '

. -

1.5ga professlonally developed test but Bne" less closely
> - :~t1ed to spec1f1c currlcula (and more heterogeneous)
' than the ITBS ) h‘i ‘,,-, v ";,-_ o o 'fﬂ

‘2.\7var1ed sample s1zes of 200 and 1000 in- each group,f

3 ’
]

‘and: -
. 3. both signed and‘unsigned;versions_of slx bias IndicF'

/A L. .

ra ' LI . . . v X ‘ 7 . : A . ’ e A“
C es. : S - : o . : S e
. Lo . i ; B R . b \

_A supplementary obJectlve was to examlne 1ntercorrelatlons-

T ot _ 3 3 _
among the Varlous 1nd1ces ,‘4 .ﬂ L R ‘;5.
Technlm!es T o L CH \ o
SlX 1nd1ces of 1tem b1as were, evaluated All of these_”
° v - 7 AN

statistics rely on 1nternal analyses of the test to,ldentlfy -

. 0 . .
. » M LT 1

dev1ant 1tems j':- ;-' RS *

RO § v . ) L}

Item D1ff1culty Index (TID) Th1s 1ndex 1s the result /

of the transformed 1tem d1ff1cu1t1es procedure (Angoff &'df':

Ford, 1973) ‘ The TID approach is based onnthe relatlve d1f-' SN

’ -"a_\" ' -,.
f1culty of an 1tem for each of two groups, controlllng for "’ ‘
total test score. Items are cons1dered bIased 1f they are._

PR ) i
relat1vely more d1ff1cult for one group than for another

*

", Point. B1ser1al Index (PBIS) Thls 1ndex is represented

by the d1fference between the p01nt b1ser1al correlatlons,/

[
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for each group, of the 1tem w1th total score ‘ It is part1-

K3

cularly sens1t1ve to relatlve group dlfferences 1n 1tem d1s-'

cr1m1natlon ' ' “‘Q'L = '?”;

'°Item-Group Partlal Correlatlon (IGP) The IGP 1ndex

(Str1cker,,1982) 1s the correlatlon of the 1tem scored
r1gh§ or wrong, and grouprmembershlp, controlllng for, total'
\

score ThlS }ndex was developed as a readlly 1nterpretable>
Vo \

.measure of dlfferentlal 1tem performance

.J-

approxlmate ch1 square 1ndex (Scheuneman, 1979) that 1s
based on a contlngency table of correct 1tem responses, cor-

respondlng to two groups and some flnite number of score in-

s

tervals (4 were used in th1s study) The use of matched

N

score 1ntervals roughly serves to equate the two groups,

w1th1n an 1nterval on total test performance.. The modlfied_

chlmsquare 1ndex is sensitiutho group differences»in'both"
' . B L
1tem dlfflculty and 1tem d1scr1m1natlon ' N

1" *

Ch1 Square Index (CHI. SQR) - The full ch1 square index

’

(Shepard Camllll, & Averlll 1980) 1s an - extension’ of

1
Scheuneman S contlngency table analys1s of correct responses

[

to 1nclude a s1m11ar analysls of 1ncorrect responses Th1s-

approach is also expected to be sens1t1ve to group d1ffer-

ences in both item dlfflculty and d1scr1m1nat10n

4

o 3 Parameter Index (L&H) Th1s 1ndex was proposed by .

\

L1nn and Harnlsch (1981) as a small sample alternatlve to |

‘ex1st1ng 3-parameter~rnd1ces‘that require larger sample

R a ' K . . \ N “ 5 .
e . A

Modlfled Ch1 Square Index (MOD CHI) This indéx is‘an"

o



: ég'
. sizes.  To calculate ﬁhe index, the 1tem and. ablllty parame-:

ters of ‘the 3- parameter 1tem response theory model are est1-"'

r

mated for the total. sample The two-groups-are then sepaf

,rated The dlfference 1s taken between each examlnee s

probablllty of correctly answerlng the 1tem and the exami~- .
nee's actual response to the item (1= correct O—1ncorrect)hf
'Th1s dlfference is then standardlzed and averaged over thed

examlnees 1n each group The 1ndex is the sum of the  mean

values for each group (Kolen & Hoover, 1982). SRR

!

Methodology

[ o o
\

-The data cons1sted of 1tem responses on the 75- 1tem
Engllsh Usage subtest of the ACT Assessment (ACTE)1 by 4000
icollege bound "high school students in Aprll 1986 . The to--
, tal sample 1ncluded 2000 randomly selected black (62 3% fe- -
male) and 2000 randomly selected whlte (54;3A_female) stu-
~dents. Mean;raw scoreiperformance was,4l.6 for‘the whites
dand‘28.3 for}the blacks. The-standard,deviatlon was»l0;7
forieach group. The initial and.replication samples:of 400

and 2000 cases each were randomly selected w1thout replace-

ment from this pool of students

.

1 The ACT Assessment is an ach1evement test d1rec%ly related
to high school instruction. However, since its focus is
‘'on the diverse currikula taught in h1gh schools,. it is ,
thought to be less closely tied to curricula than tests,
such as the ITBS aimed specifically at achievement in the
bas1c skllls ‘ s : - L

4
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un51gned versions’ for the 400 ~case samples and the signed

- ) u . -: . - . B ' .".'\...'.

Item bias 1nd}ces were calculated\{z: each subsampr .
in

.

»

The rellablllty of each- 1ndex was then 1cated by the corJ,

2 -

relaqﬁonﬁbetween values of the 1ndex forathe two samples of
- " . » \

200 black and 200 wh1te students and for the’ two samples of
'y

1000 black and 1000 wh1te.students Slncé s1gned and un-

s1gned vers1ons of the 1nd1ces were 1nvest1gated each ipdex

) [N

has four rellabllltles assoc1ated w1th 1t the 51gned and
2

-

. . a

"~ and uns1gned versions for the 2000 case samples."

An addltlonal approach to 1ndex rellabrllty was per-

formed based only on the spec1f1c 1tems Ihat were’ 1dent1- ‘

»

f1ed as most b1ased Thls approach was useful becau e it -

~

prov1ded a measure of the pract1cal rellablllty of e ch

procedure for 1dent1fy1ng dev1ant 1tems The-ten«mo devi—»
ant 1tems for each sample, as determ1ned by each.procedure;.
were 1dent1f1ed (the ten w1th the greatest absolute magnl-"f1
tude of the 1ndex) Unwelghted Kappa coeff1c1ents (CoheJn.l

19%0) were then calquated for each procedure and each pa1r,

.

of samples. ince 1tems were 1dent1f1ed on the basis of the'

&
‘absolute magnjtude of the 1nd1ces, th1s approach to reli- . o

’

;ab llty is cl sely related to the unslgned correlatlonal re-.

lJ”bllltleS.
i ] ’ ' . ' v S
As w1th ellablllty, tite interrelationshipsrof the ind-

3

~

1ces were examlned 1n two ways. F1rst by the Entercorrela-f

tlons(of the s1gned ihdlces, obtained: for ‘one of the.

2000 case samples, and secondly, by Kappa coeff1c1ents of

LS

. o



_agreement between items selected as most deviant by each ifi-

dex. o .

. Results . ' ' )

‘The reliabilities of the small and the large sample

bias indices are shown in Table 1. As expected, in every

case the reliabilities were higher for the larger than for

thevsmaller samples. Also, as expected, the reliabilities

.

for all the signed indiceswwere“higher‘than'for their un-

signed counterparts-< Regardless of whether the signed or .
, S

uns1gned versions of the blas 1nd1ces are compared though*

~

the TID approach seemed to be the most rellable However,

-

as Hunter (1975) has p01nted out th1s 1ndex is spurlously
sens1t1ve to group d1fferences in performance\> The rela-
t1vely h1gh degree of - rellablllty for th1s procedure may be

van art1fact of the substantlal performance d1fferen¢e betr
«
ween blacks and wh1tes on the 1tems (Kolen & Hoover, 1982)

¥

The rema1n1ng 1nd1ces seemed to- be about equal 1n rellablll-

ty. o |
’ 'Table,z“presents the»Kappa coefficients and the number
‘of deviant items selected in common, b;tween samples, by
each indexs It should be notedéthat separate cons1deratlon
'of s1gned and uns1gned versions of the 1nd1ces is not pre-
sented here, because the results would be the same That
s,athe same sets offﬁtems,.selectedwon the bas1s of the‘ab-t
solutefmagnitude of the fndex, wonld &esult.» However, this

PR -




TABLE 1

Reliabilities of Signed and Unsigned Bias Indices* :
’ r l ) . v
' Small Samples h Large Samples
(N = 400) (N = 2000)
Index . ' _ 5 Signed = Unsigned - Signed  Unsigned
TID 72 .39 91 - .80
PBI$_ . ~ - ’ .59 .48 , 66" .58 )
IGPR. 5 .. .60 - .31 /.74 .50
MOD CHI =~ o .62 Y A S .69
CHI SQR .58 .3 " 76 e .66

L&H L . -6l .22 SLT9 .51
* All values in the table are statistically significant (p- < .001).

- .
"~ ~

analys1s is most closely related to\€he reliability estima-
tion of the unsigned versions of the 1ndices At least for |

the large samples, the TID procedure again seemed to produce

- >

the most reliable results. Eight of the ten deViant 1tems
(80%), identified by the TID procedure/using theffirst of
the large samples, were also identified using the'second
large sample About 50 percent agreement between samples
was eVident for the other bias measures. -

From.a pure measurement perspective, the signed bias'
indices are preferred to the unsigned versions'sihoe they
reflect not only magnitude but directionality as well. A
better'understanding of the relationships betweenithe bias
indices ;s thus found by investigating the s1gned'vers1ons
Table 3 shows the intercorrelations among the s1gned bias

)

.1ndices/for one of the 2000-case’ samples. Table 4 presents

o v .




CTABLE 2, 1

Consistency of Deviant Item Selection

Small Samples Large Samples

(N = 400) (N = 2000)
Index : . Kappa .Co mon items*- Kappa  Common items.q
;omessssesess . T==== —mETessssser soss= """"""","‘"'\r""
TID . .31 4 .77 8
PBIS - .54 6 .54 6
IGP : ¢ 14 3 . .31 4
MOD CHI .31 4 .42 5
CHI SQR . « .31 4 .42 5
L&H. . .14 3 37 . 4

N\ .

* The number of items that .are common to each. sample s set of
ten most dev1ant items.

3
!

the same interoorrelation matrig after correcting for‘atten-‘
uation. The resultsbindicate a great>deal of similardty '
among the IGP, the modified'Cni-square,'the full Chi-square:
and the Linn & Harnisch measures. The TID procedure seems

to be moderately related to these procedures,. while .the

-~
>

Point. Biserial approach seems to_stand alone. These results

are consistent with ekpectations The Point Biserial index.

\

is| the gnly measure to emphasize group dlfferences in item

d1scr1m1natlon and it clearly does no£ correlate pos1t1vely‘
o

with the other procedures. The TID index emphas1zes;only -

v

group dlfferences in 1tem_g;ff1cultyl and it, too, seems to

stand at least somewhat "apart from the others The»nemalnj

[N

1ng four 1nd1ces are sens1t1ve to group differences in- 1tem
'dlfﬁlculty-and d1scr1m1natlon, and they seem to. produce véry

Jimilar results. _
N S N

-
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 TABLE 3

b R Intercorrelations of,Signed Bias Indices*fa

©o

.. T - PBIS- | "IGP. MOD CHI CHI SQR CL&H.
_TID 4 l.00 .- -.03 . .51 .45 . .61 . .53
PBIS .~ . .. ~-1.00° - =213  -.11 .07 .03
IGP . . ... % ., ..1.00- . .67 .- .92 .. .95
‘MOD CHI L T ... .1.00 .70 . .72
CHI SQR -+« .- = s - .- 1.007 .94
L& Y | e R ..+ 100

-

* Correlatlons based on one of the 2000-case samples and
the 75 ACTE items. -

TABLE 4 J
: o _ e b o o
Intercorrelatlons of.Unattenuated Signed Bias Indices
‘l " ‘, . » ] : . N K
IR . e AR
, YTID:V'.PBIS -7 IGP MOD CHI CHI SQR L&H
S L mmmemeo meSeeme —mm— e ""'1f-fff"ff%"'ff" .
TID - . 1.00 . -.04: , -§g CL73n 63
PBIS ~1.00 “i.. .10 o, .04 O
IGP . T s o -»f,'.99 .99
MOD CHI . »'n = 7 LT 1 oo_ .92 92
. CHI_ SQR T L 1.00 -~ .99
L&, r;:,ﬁv T L -,g; - ~1.00
. : : ., < . ‘ . s r - R

R

Tableas presents measures of agreement in selectlon of

deV1ant 1tems between the- dlfferent b1 4; ndlces As shown
\ ) '- ’ e -

prev1ously,1n Table 4 the TID and P01nt Blserlal 1ndlces

\tend to stand apar_guwhereas the other four 1ndlces seem to

be more closely related To 1llustrate the commonallty bet-
. \ 3 ‘
ween the IGP ‘the mod1f1ed Ch1 square,.the full Chl—square,

and\the L1nn & Harnlsch 1nd1ces, four 1tems were 1dent1f1ed :




LR v I
. . s !' L e .

as be1ng among the ten most dev1ant 1tems by ali four proce-'

Y

.dures. Another four 1tems were 1dent1f1ed by three of these
:four,procedures, uslng one of»the 2000-case'samples.

-

TABLE 5 _ |l
7. Measures of Agreement in Dev1ant Item Selectlon*-' wf
@ U PRI I B
. "TID Q PBIS j;thGP,e MOD CHI CHI SQR‘_'L&H‘ N
TID g '1.00 15(0) .31(4) -.04(1) w19(3) -,08(2)~f
PBIS R 1 00 . ~.04(l) .08(2) -.04(1) .08(2) !
- IGP S - # 1.00  .54(6) - .42(5) .77(8) !
MOD .CHI R . L 1,00 ~.54(¢6) .77(8); .
CHI SQR S Ty 1.00 .54(6) |

L&H ' . . ... . = 1.00

* The first number for each comblnatlon 1s the Kappa coeff1c1ent
" of agreement. The values in parentheses are the numbers of
items common to the set of ' 10 most deviant items selected by

éach procedure, using one of the -2000- -case samples.

Discussion ;

The‘results demonstrate_that testiné'situatlons do.ex-ih
ist_in Which pias,indices canirel?ahly‘detect differential i;,'
‘itemfperformance, Like most phenomena‘ln the socialgsciencei
es[‘though, the reliability’of bias-indices seemsito be»si-.ﬁ
tuation?specific Kolen and Hoover (1982) effect1vely ar-
“gued that stat1st1cal b1as detectlon procedures were not
very rellable and, consequently, not very useful w1th1n the
currentﬁtest'development process of_the-ITBS;'vHowever, w1thr
morehheterogeneous tests, suchras-the ACT Assessment, and

ww1th larger sample slzes, commonly'investigated hias indices

can atta1n potent1ally useful levels of rellabllbty
o . ) .
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The manner in wh1ch the b1as 1nd1ces are to befused 15,

. ’ ~ {

also 1mportant 'If they are: used in the process of learn1ng
. ( L ] 7 .

more about the functlonlng bf varlous 1tems or 1tem types

- for d1fferent groups, both the- degree and dlreotlonallty of

. b1as.are 1mportant.. The rele@ant rellablllty analysls for
»th1s use of 1tem b1as 1nd1ces is- correlatlonal as- shown 1n,}
Table 1.. Partlcularly w1th the larger s mples, ‘but also

with the 400—case samples, the s1gned 1nd1ces seem to be
reasonably rellable for th1s purpose /fl, o o
Fa K
/
1f b1as 1nd1ces are used as sgreenlng dev1ces 1n the
) ?

-test development process, the relevant analys1s is the sta—
..... T

‘b111ty of 1tem class1f1catlon i’Although Table 2 1nd1cates
.:some commonallty, these data do not suggest that the b1as

1nd1ces can be relied on tolthe excluslon of expert edltori-

al rev1ew In- fact w1thfsome curr1culum—bound tests ‘and a

, :

'test development process that 1ncludes several stages of
thorough ed1tor1al rev1ew, these 1nd1ces may be . relatlvely.;

iuseless (Kolen & Hooéer, 1982) The.lndlces'seemfto offer
.vmore promise, however, when,used_with more.heterogeneous
_;tests-and When'used as a tool to screen ftems-for more ex-
tens1ve ed1tor1al review. -Neitherbcommon'sense nor.the redz"

.')

‘ sults of this*study suggest that bias 1nd1ces should super—

'cede.experyljudgment_on,the des;rablllty of ‘an item w1th1n a
. /s . , o ) . B / o :

test o/

/ ¢

Future efforts in study1ng the rellablllty of - item b1as

procedures m1gh% focus on other 1nd1ces, or the comblnatlon




:of two.or more - 1nd1ces . The 1nvestr;atlon)of procedures
stemmlng from iatent tra1t theory (Ironson, 1982 Lord
ll980),.for 1ﬁstance, would certa1nly be in: order T e Joln&f’
frellablllty of two or more, relatlvely 1ndependeét and eas1—.
-ly computed 1nd1ces (such as the TID and PBIS) mlght also ‘be -
'useful :;‘ ‘J i \"u Do ’.'_ _- -;”{f}ff.x:’ .

| Flnally, Monte Carlo studles could be very useful in
.the systematic exploratlon of 1ndex rellablllty Use of si-
mulated data, a la-Rudner,”Getson, and Knlght (1980b) 1n
'vayldlty research fmlght help clar1fy the effects of d1ffe- .

.'rent types of tests ‘and examlnee populatlons on the rell—L

-~

ab111ty of statrstlcal item bias procedures '_ Ve

Lo
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